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 The problem of the optimum choice of the modernization directions for 
geodynamic monitoring systems, which is solved in the conditions of 
changing the parameters of natural-technical systems (NTS) is considered in 
the work. The solution of the task is creating a list of the components 
modernization directions and validate ranking the most effective of them.  
As criterion of modernization the value of decrease in resource intensity of 
subsystem application is using. The task is considering the uncertainty of 
quantity of the arriving tasks. Within the suggested method, it is offered to 
determine the effect of resource by each modernization direction.  
The functional dependences on its increase depending on an expense of 
resources of modernization. The decision is reached by minimization of total 
cost of modernization resources for the system in the conditions of change 
using components intensity at change of external conditions. 
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1. INTRODUCTION 
The development of geodynamic monitoring system, such as distributed information and 
communication systems and environments, is implemented through the modernization activities.  
For geodynamic monitoring system, it is possible to simultaneously implement a significant number of 
modernization projects, the results of which change the efficiency of the system. A large number of 
alternative directions of modernization and the limited resources allocated to development determine the 
need to plan development programs by selecting the best direction and determining the amount of resources 
allocated to them. Currently, the problem being solved by expert development programming does not fully 
take into account the possibility of optimal allocation of resources with the uncertainty of the components 
using intensity. Thus, the problem of developing a method of choosing the directions of modernization and 
the distribution of limited resources between them under the conditions of uncertainty of the components 
using intensity are actualized now. 
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2. THE REVIEW OF APPROACHES TO THE CHOICE OF MODERNIZATION DIRECTIONS 
FOR A MONITORING SYSTEM IN CASES OF USING COMPONENTS INTENSITY 
UNCERTAINTY 
The need to develop geodynamic monitoring systems due to changes in the levels of exogenous and 
endogenous effects on the TCP determines the need for a rational choice of areas of modernization and the 
allocation of resources allocated for modernization between them. To solve this problem, a mathematical 
apparatus has been formed that implements the determination of the order, methods and methods for 
managing the development of monitoring systems [1-4]. The classification and review of the main 
approaches used in the analysis, design, implementation, and modernization of monitoring and control 
systems is given in [2]. For complex planning of modernization of automated systems of the class of 
information and communication media, the provisions of the theory of control of the structural dynamics of 
complex systems can be applied [3]. The method proposed in [3] allows implementing the optimal choice of 
programs for the development of complex technical systems from a set of alternatives. When solving the 
problem of improving the quality of automated process management using the facts of finding “bottlenecks”, 
the provisions of the theory of constraints [1] are applied. The essence of using the theory of constraints is to 
optimize management and resources by distributing applications based on the status of their implementation. 
When solving problems of development of information and communication environments, it is 
necessary to consider changes in the external environment. A variant of accounting for such changes is the 
methodology [5], the main provisions of which are to combine a formalized business strategy in the field of 
information and telecommunication systems and patterns of strategic behavior based on patterns. A pattern is 
understood as the combination of decision-making methods on the implementation of alternative areas of 
modernization, measuring the effect and the method of supporting adaptability. 
In hierarchical systems, issues of modernization are considered taking into account complex effects. 
Synthesis of optimal structures can be realized on the basis of linking the goals of the strategic and 
operational level using graph models [6], hierarchical systems of a heterogeneous network structure [7]. 
Expert application of alternatives [8-9] has found widespread use in choosing areas of 
modernization. In this case, the streamlining of modernization directions is implemented according to a 
system of criteria. In the literature [10-11], both methods for determining the system of criteria and methods 
for determining the weights of particular indicators using expert methods are widely considered. In the 
process of expert choice are used: methods of analyzing hierarchies, methods of analytical networks, multi-
criteria analysis, mathematical optimization [10, 12-13]. Expert assessment methods differ in the types of 
estimates of particular indicators used. 
If it is possible to represent a monitoring system in the form of a set of automated processes, this 
task is solving by optimal processes reengineering method. By system reengineering the architecture of 
process and tools automation are transform. Hierarchical, divisional, sequential, and service-oriented forms 
are used for designing process architectures [14]. For the development of subject area ontologies for 
processes reengineering the methods of ontological reengineering and reference ontologies of business 
processes of communication enterprises are created [15]. Transformation tasks of organization processes with 
software using are considered: business implementation methodology [16], lean six sigma L6S-Tesco [17]. 
The analysis of the applicability of management and development planning methods, including the 
modernization of monitoring system s, indicate the need to account the uncertainty of the components using 
intensity. Dynamic changes of requirements are considered to take into account the uncertainty factor of time 
changes of requirements systems [18-19]. Information is used not only about the uncertainty of the values of 
factors, but also the change in the amount of uncertainty depending on the conditions of decision-making 
under risk [20]. Known methods [21], used for ranking the alternatives of modernization directions by 
systems of requirements are divided into linear and nonlinear models of weight coefficients; categorical 
models; weighted point models; models of total cost of ownership; adapted models, built using the methods 
of neural networks and the main component; models of the theory of multidimensional utility. The fuzziness 
of many factors determines the application of fuzzy model. Accounting for the uncertainty of the initial data 
involves the use of factor estimates in various scales and types of estimates: point, interval, probability, fuzzy 
estimates, ranks [10, 13, 22-27]. 
The ability to select several modernization directions with the resources allocation between them 
requires the solution of optimization problems. Thus, in the conditions of uncertainty of the using intensity, 
additional optimization effects should be taken into account by the different efficiencies of  
individual directions. 
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3. THE PROBLEM OF OPTIMAL CHOICE OF MODERNIZATION DIRECTIONS FOR 
MONITORING SYSTEMS UNDER THE INTENSITY OF ITS USE UNCERTAINTY 
The solution of the problem of choosing the modernization directions for a system from a variety of 
different alternatives for the modernization of its individual components (processes) is considered in the 
situation of the resources allocated limit. Such system is characterized by many alternatives for 
modernization, the effect of which depends on the applied organizational and technical solutions. The task of 
selecting the components to be upgraded is complicated by the uncertainty of changing the resource effect for 
the components under consideration.  
Modernization of a monitoring system is implemented by improving its individual components.  
The total resources for maintenance of the system functioning are formed by summing the multiplication of 
the specific resource consumption by the number of the components application cycles. This allows 
predicting the total cost of resources for the planning period and to resources modernization allocating in 
accordance with the forecast. 
The mathematical problem has the following form: 
Known: 
a. The complex monitoring system S  includes several components i
S
 that can be upgraded: 
   IiSi ,1,  . 
b. For the operation of the system S  resources S
R
 are used: 
 
I
i iS RR 0 . The amount of resources used 
for the operation in the planning period is limited: 
reqRRS  . Resources are used on cycles of the 
components i
S
 using. 
c. To modernize the system S  resources MR  can be used:  
I
i iM rR 0 , where i
r
 – is the resources for 
the modernization of the component i
S
 in the planning period. Modernization leads to a change in the 
resource effect on the cycle of using the system component. 
d. Resource effect function 
i , showing the impact of components i
S
 modernization by the 
allocated resources: 
 iii r  . 
e. Based on the analysis of experimental data in accordance with [28], it is determined that the logarithmic 
function can be used as a type of functional dependence of the increase in resource return on the amount 
of resources for modernization: 
 
 iiiaii arkψψ i  log0,  (1) 
 
where 00,
iψ  – the value of the indicator of resource return at the initial time before 
modernization; i
a
 and i
k
 – parameters that indicate the level of impact of the efficiency of resource 
consumption on the improvement of the component i
S
. The values of the parameters i
a
 and i
k
 are 
calculated on the basis of estimates of the effects of the components modernization and the will act in the 
task as source of data. 
f. The number of components to be improved in the planning period L . 
g. The confidence interval of the accuracy of the optimization problem . 
h. Set of cycle’s quantities of the components i
S
 using in the source 
 0,0 inN   and in the planning 
 inN   period. The number of usage cycles  inN   is uncertain because it is not possible to 
accurately predict the number of usage cycles. Within the task, the planned number of components i
S
 
using cycles is given by a fuzzy triangular number: max,mod,min,
;; iiii nnnn  . 
To find the allocation of resources:
 ir ,  
I
i iM rR 0  by set of modernized components i
S
 while 
limiting the amount of the shared resource S
R
 is not above required: 
reqRRS  . The change in resource 
requirements for the operation of the system without its modernization is positive: 
00,  SS RRR . 
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4. THE METHOD OF RESOURCES ALLOCATION BETWEEN MODERNIZATION 
DIRECTIONS FOR A MONITORING SYSTEM IN THE CASE OF THE UNCERTAINTY IT’S 
PLANNED USE 
The essence of the method is to use the fact that the maximum efficiency of allocation resources 
 
I
i iM rR 0  on improving the set of components i
S
 is achieved when the marginal effects of reducing their 
resource intensity are equal: 
constrR ii  . Accordingly, the search for such subset of components i
S
 the 
amount of resources for their modernization 
 
I
i iM rR 0 , which would compensate the increase in resource 
intensity due to the increase in the number of the system using cycles 
 inN  ,  
are suggested. 
Changing the number of the system components i
S
 using cycles  inN   leads to a change in the 
resource requirements i
R
 for their operation. Changing resource requirements can be found by summarizing 
the changes across all components: 
 
  
I
i i
I
i i
I
i i RRRΔR 0 0,00 , where (2) 
 
0,
0,
0,
i
i
i
n
R


 (3) 
 
 
dn
nn
R
n
n
i
i
i 
max
min
0,

 (4) 
 
where  ni  – the probability density function for number of the system components iS  using cycles 
in the planning period. 
Due to the modernization of the components iS  it is possible to reduce resource requirements due to 
increased resource efficiency i

. In this case, the change in resource requirements can be calculated by the 
formula: 
 
 









I
i ii
i
ψψ
nΔR
0 0,
11
 (5) 
 
Within the proposed method for all modernization directions (for each component of the system i
S
) 
the function of reducing the resource intensity of the component i
g
 is calculated. It shows how the resource 
intensity of the component maintenance process is reduced in the planned period, taking into account the 
change in the components using cycles i
n
 and resource efficiency i

: 
 
 


















iiiai
i
ii
iii
ar
n
nRg
i
klog
1
1
11
0,0,   (6) 
 
The maximization of the using resources on the modernization of components i
S
 effect is achieved 
with the equality of the marginal effects of reducing the components functioning resource intensity i
R
 to the 
resources of modernization i
r
 for all components: 
 
  constconst
1
1 








ii
I
I
i
i rg
r
g
r
g
r
g

 (7) 
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where  ii rg  – is the derivative of the of reducing the components resource intensity function i
g
 by 
modernization resources. 
The basic idea of using the expression (7) is explained in Figure 1. In accordance with the 
expression (1) when adding new resources i
r
 for the modernization of the system component i
S
 the 
additional effect of reducing the resource intensity decreases: 21
gg 
. Thus, the marginal effect of reducing 
resource intensity is also reduced:
21
2
2
1
1 , rr
r
g
r
g






. Review of several modernization directions for 
components i
S
 in Figure 1, two directions are reviewed shows that it is possible to fix the limiting effect in 
one direction  rg1  and find the same target effect in the second direction  rg2 . In this case, the most 
acceptable is the division of resources between the two modernization directions, in which the value of the 
marginal effect will be equal, since the additional resource expended in each direction brings the same effect 
of reducing the resource intensity of the component operating: 
 
max, max2121
2
2
1
1 





RggRrr
r
g
r
g
M
 (8) 
 
Otherwise (at inequality of limiting effects), the additional effect of decrease in resource intensity of 
components functioning will be different; respectively the total effect is less than potential: 
 
max2121
2
2
1
1 , RggRrr
r
g
r
g
M 





 (9) 
 
The use of criterion (7) in solving the problems of optimizing the allocation of modernization 
resources 
 
I
i iM rR 0  requires finding a derivative for function of reducing the component  
resource intensity (6): 
 
 











iiai
i
i
ar
n
g
i
klog
1
1
0,  (10) 
 
   iiaiii
i
i
arar
n
g
i


klogk
1
2
0,  (11) 
 
 
5
6
7
8
9
10
9 14 19 24 29
ig
21 AA 
2A
1A
1A
Value of reducing the component functioning resource 
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Figure 1. Scheme of the criterion of maximum efficiency of modernization resources allocation 
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The task – finding the distribution of modernization resources 
 
I
i iM rR 0  between modernization 
directions, is implemented in accordance with the algorithm shown in Figure 2. 
The algorithm assume to determinate the intermediate level of the limiting effect of reducing 
resource intensity 0h  and calculating in accordance with it for each modernization direction iS , the amount of 
resources required to achieve it i
r
. Based with the i
r
 in accordance with the formula (6), the value of i
g
 
for each upgraded component is calculated. The achieved total effect (5), represented by a fuzzy number,  
is compared with the required: 
      1;1 reqreq SS RRR . When the limit is reached, the algorithm 
stops. Otherwise, a new intermediate state 0
h
 is calculated. The calculation of the resource requirements to 
achieve a required level of the limiting effect of reducing the resource intensity 
  0hrgi   is carried out by 
resolving the expression (12) by i
r
 with using approximate methods: 
 
    0
0,
2 klogk h
n
arar
i
i
iiiaiii i 

 (12) 
 
Finding an approximate solution is achieved by using a gradient method, which allows calculating 
gradient defined by the following formula: 
 
   
minmax
maxmin
hh
hghg
i
i
i
i



 (13) 
 
where 
 minhgi  and  maxhgi  – the procedures for calculating the values of resource intensity 
reduction by the maximum max
h
 and minimum min
h
 value of the limiting effect of resource intensity 
reducing 0
h
. 
The calculation of the new level of the limiting effect of reducing the resource intensity (the value of 
the derived function i
g 
), for which the need for resources on components modernization will be calculated 
at the new step, is carried out according to the following formula: 
 
 

req
min
min0
S
i
i Rhg
hh


 (14) 
 
The solution of the optimization problem assumes to remove from the set of modernized 
components of systems those processes that value of the increase effect is small (for which
Rgi  001,0 ). 
This is due to the practical inexpediency of dispersing forces and resource in many modernization directions, 
the improvement of which will not have a significant effect, but will require the allocation of resources.  
The calculation of changes in resource requirements is accorded to the formula:  
 

i
i
i
i rgR
 (15) 
 
The result of the algorithm is the distribution of resources 
 ir  on a set of components of a 
monitoring system, that being improved in the planning period. 
 
 
 
Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  
 
Approach to the choice of modernization directions for the system of geodynamic… (O.R. Kuzichkin) 
1245 
begin
input data L 
calc density 
functuions
calc start effect  0ig
sort by decrease  0ig
calc intermediate values
  0maxmax igh 
   10/0minmin igh 
calc gradient 
calc interval of 
solution
output data
0max hh 
0min hh 
end
calc current effect 0h
calc resource 
requirements
sort processes by 
decrease of
choose L processes 
by decrease
calc resource 
changing
 0
 rgi
  req1 SRR 
  req1 SRR 
  0hrgr ii 
ir
R
 
ir
     1;1 reqreq SS RRR
 
 
Figure 2. Block diagram of the algorithm for the allocation of modernization resources by directions 
 
 
5. THE APPLICATION OF THE METHOD OF RESOURCES ALLOCATION BETWEEN 
MODERNIZATION DIRECTIONS WITH THE UNCERTAINTY OF THE PLANNED 
EFFECTS FOR ORGANIZATION IT-INFRASTRUCTURES  
The application of the proposed method to the problem of choosing modernization directions of 
organization IT-infrastructure are viewed in the article. In managing the development of IT-infrastructure, 
three major functional blocks (initial automation processes) are pointed: 
a. Incident management; 
b. Application management; 
c. Asset & configuration management. 
Thus it is possible to upgrade three components of a monitoring system : 
  3..1,  iSS i . 
Modernization of hardware and software components of these subsystems can reduce labor costs to perform 
tasks in the framework of the corresponding automated processes. The restriction on modernization actions is 
to provide the initial resource-intensive operation of the IT-infrastructure, with the changes in the number of 
applications cycles in the system. The intensity of component utilization 
  3..1,  iSS i  is determined by 
the number of service requests is received by the subsystem. In this case, the cost of resources to ensure the 
functioning of the system is directly proportional to their number. The initial data defining characteristics of 
the modernized systems are presented in Table 1. 
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Table 1. Characteristics of Modernized Systems 
  3..1,  iSS i  
Indicator 
Application 
Management 
Incident Management 
Asset & Configuration 
Management 
Count of using cycles, 
0,in
 
100 60 80 
Resource effect, 
0,iψ
 
0,5 0,4 0,6 
Resource amount, 
0,iR
 
200 150 133,33 
Planned count of using cycles, 
max,mod,min, ;; iiii nnnn 
 
<110;140;190> <70;80;110> <80;90;140> 
resource effect function, 
ii ka ;
 
< 2,0; 0,1 > < 2,2; 0,11 > < 1,8; 0,14 > 
 
 
In accordance with the initial step of the method the fuzzy amount of resources iR , required for each 
subsystem is calculated on the basis of the initial data. Based on them, the expected resource consumption is 
calculated. The results are presented in Table 2 and Figure 3. 
 
 
Table 2. Characteristics of Modernized Systems 
  3..1,  iSS i  
Indicator Application Management Incident Management Asset & Configuration Management 
amount of resources, i
R
 293,30 216,70 172,20 
total amount of resources, S
R
 682,22 
reqR  198,89 
 
 
,
шт. шт.
1n
2n 3n
1R
2R
3R
 
 
Figure 3. Fuzzy numbers of planned count of component using cycles (request for processes) and  
amount of resources 
 
 
In according to the algorithm for the allocation of modernization resources by directions in Figure 2 
the calculation was made. The results are presented in the Table 3. The task resource allocation was achieved 
by 5 iterations.  
The presented calculations are explained in Figure 4, which shows the iterations of the algorithm to 
derivative resource intensity of the subsystem iS  reducing function ig

 and the final distribution of resources 
ig  for the fifth iteration.  
Application of the method to modernization of organization IT-infrastructure of the geodynamic 
monitoring system allowed determining the required amount and distribution modernization resources of 
between modernization directions.  
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Table 3. The Calculation of Modernization Resource Allocation 
indicator Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 5 
minh  
9,57 9,57 9,57 9,57 9,57 
maxh  
137,10 74,69 51,54 45,90 44,40 

 
2,76 4,29 4,95 5,17 5,25 
0h  
74,69 51,54 45,90 44,40 43,85 
 01 hr  42,0 73,0 84,0 87,0 88,0 
 02 hr  17,0 44,0 54,0 57,0 58,0 
 03 hr  8,0 22,0 27,0 28,0 29,0 
  i iM hrR 0  67,0 139,0 165,0 172,0 175,0 
 01 hg  63,27 90,88 98,54 100,50 101,10 
 02 hg  20,32 43,64 50,40 52,28 52,89 
 03 hg  16,04 36,48 42,17 43,24 44,27 
  i i hgR 0  99,62 171,00 191,12 196,00 198,29 
требRR 
 
99,27 27,89 7,77 2,89 0,6 
 
 
,
 01 hg
 02 hg
 03 hg
 01 hg
 02 hg
 03 hg
1,0h
2,0h
3,0h
4,0h
 
5,0h
Reducing the resource intensityDensity of reducing the resource intensity  
 
Figure 4. The graph of function of reducing the resource intensity and its density dependences by the amount 
of modernization resource 
 
 
6. CONCLUSION 
The paper proposes an approach to the selection of promising areas of modernization for 
geodynamic monitoring system s and the distribution between them resources allocated for modernization. 
The essence of the method is to use the assumption of achieving the maximum efficiency of allocated 
resources on improving the set of components of a monitoring system with equal marginal effects of reducing 
the resource intensity of their operation under conditions of using intensity uncertainty. The distribution 
algorithm based on the gradient method of rapid descent allows finding the optimal distribution of resources 
for a set of modernized in the planning period subsystems, with the minimization of the total amount of 
modernization resources.  
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